Abstract
Introduction
Islamic swords and arms were decorated using variety of techniques as gilding, inlay, gold and silver encrusting, as well as setting with jewels and enameling. On some ceremonial items, the decoration could achieve such sumptuous and impressive effects that the final appearance of the object has more in common with an item of jewelry than weapon. Inlay brass artifacts with gold or silver seems to have become common in Islamic art from the twelfth century [1] . The deterioration of ancient metals represents the undesired effect of some Physiochemical processes, as those involved in uncontrolled evolution -corrosion -which gradually alters their shape, nature and resistance, which makes impossible their use as historical evidence of human civilization [2] as discussed in detail in this paper. This paper presents an investigation of a gilded sword from Islamic Art Museum in CairoEgypt. The analysis of the gilded sword leads to an understanding of manufacturing and processing conditions employed by ancient craftspeople. Non-destructive analyses are value of conservation. The screening of composition and macroscopic structural features offers invaluable information when determining treatment, handling and storage methods. Microstructural studies of the gilded sword also provide details of the severity and type of corrosion as well as possible material instabilities [3, 4] . The gilding could theoretically have been done by any of the following methods: proper mercury or fire gilding, gluing gold foil or sheet to the surface with mercury, or organic glue, embossing the foil onto a rough surface, even just wrapping the part in question with gold foil. The various methods are described as discussed in detail [5, 6] . The present gilded sword is a weapon with straight double edged blade of around 95cm, generally pointed at its tip, and can be used for both cutting and thrusting; the gilded hilt of a sword is generally symmetrical in form, fig. (1 [7] [8] [9] . This work investigates the sword which hasn't a corrosion layer but there were corrosion inside pits in the sword's surface by using optical, stereo microscopy and portable X-ray fluorescence spectroscopy. We analyzed the surface structures and the interference area with the metallic core of the basic alloy, intending to elucidate the nature of the materials and the technology used during the manufacture of the object. These techniques determine the elemental composition of metallic sword and evaluation the deterioration of gilded layer, which will help in conservation and treatment processes of this object. Gilding technique is an important and popular method of surface decoration.
Gilding can be traced to 2300 BC. In ancient Egyptian paintings that show goldsmith making gold leaf, and the sarcophagi of nobles often had gilding decorating the outside. Gilding became popular during the New Kingdom in Egypt (1570-1070 BC) [10] [11] [12] . Gold is malleable enough to be beaten and pounded down into thin foils that become even thinner gold leaves. The process of gold beating is nearly as old as the use of gold itself. Instead of using hammers, the ancient Egyptians used round stones in order to obtain the thinnest sheet of gold possible at the time. Mechanical gilding can never have been very satisfactory, but there were two ways of improving it: 1) was to apply an adhesive between the gold and the base metal, and 2) was to overlap the edges of the gold foil and then join them by burnishing. Used in one of these ways, foil gilding was durable and the technique persisted at least until the middle of the first millennium BC [13, 14] . One obvious way was to use an adhesive and this method is still used today for the gilding of wood and stone, and for the decoration of leather book bindings. Unfortunately, the animal or vegetable glues which were probably used have long since disappeared as the result of biological decay, and in many cases the gilding has been lost at the same time, to leave only traces of gold caught in the folds and crevices of the design. Although gilding with mercury was rare in the first century AD. It had become the standard method of gilding by the third or fourth centuries. Mercury was used in a very thin coating on the substrate metal as an adhesive for gold leaf [6] . The color of gold foil or leaves varies depending on the amount of silver or copper added to the gold. The alloy gold-copper was widely used for darker applications, while the gold-silver alloy is clearer and have a major property to reflect the light. The most common metallic materials employed were silver, tin and copper alloys. The main features that led gold to be the most widely used metal for gilding are its durability and malleability [15] . The present article discusses a metallurgical characterization of the gilded sword by using optical microscopy and portable X-ray fluorescence. 
Methods 2.1. Optical microscopy
Optical microscopes are able to provide a wide range of information on metallurgical features and conservation state of the objects; and the metallographic approach can be considered easy to apply, a flexible research tool [16] . Microscopic observations were made on a Smart-Eye USB Digital Microscope at various magnifyications between 100 X and 200 X, and the microstructures on the surface were studied under a Stereo microscope -a Zeiss (stemi 508) imaging binocular microscope (50x-200x magnification), with both visible and fluorescent lights, and an AxiocamERc 5s digital camera.
Visible light observations were performed in reflection geometry.
X-ray fluorescence
X-ray fluorescence analysis was performed with portable X-Ray fluorescence NITON/XLt 8138 (USA), with software version 4.2E, tungsten tube, 35 KV, 40 ìA, exposure time 30 s. Portable X-Ray fluorescence consists of an X-ray tube source and a solid state diode detector at angles visible in the sampling window. X-Ray fluorescence spectrum was measured with an X-Ray beam generated by the pd target excited at 40kV, with a tube current of 0.25mA for a white X-Ray source and 1.0mA for monochromatic X-Ray. Primary X-Ray emitted from the source strike atoms with sufficient energy to eject low energy inner shell electrons, creating an unstable ion. When this occurs, an electron from a higher energy, outer orbital fills the vacancy releasing energy in the form of secondary (fluorescent) XRay. The energy of any given secondary XRay is characteristic of a specific element, allowing qualitative identification of elements present in a sample. In addition, the detector also counts the number of secondary X-Ray from the sample, allowing quantitative elemental concentrations to be determined [17] [18] [19] .
Results
The microscopic examination was carried out using Smart-eye USB digital microscope and stereo microscope at various magnifications to investigate the morphology and characteristics of corrosion layer and the condition of the gilding layer, and to explore the technique utilized. Microscopic observation by optical microscope, fig. (2) showed that the hilt of the sword made of two separated metals the base metal and the gilded layer. Multi-layered microstructure consisting of very fine slime bright and dark layers is apparently visible in optical microscopy (OM) photos of each metal. The gilded layer reveals distortions, cracks and missing parts. Stereo microscope examination confirms the sword surface has many pits and pustules due to damage or corrosion processes; as showed in fig. (3 
Discussion
According to the analytical methods, it could be said that the gilded layer has many defects which sometimes occurred as a result of impurities in the alloy or metal overheating that induce brittleness, and these cracks in the gilded layer can indicate selective corrosion of the base metal. The gilded layer was most probably made of gold foils or gold leaves and not of sheets, whereas gold sheet is a thick layer of gold, since gold foils have an intermediate thickness of more than about 10µm, while gold leaves have a thickness of less than 10µm; and possibly low as 0.1µm [10, 13] . The ternary alloy of gold, silver and copper are less ductile and quality of the foil decreases. A gold leaf can reach a thickness of less than 1µm [15] . The cohesion between the gilding and the base alloy was damaged, suggesting either the use of a quite durable adhesive or that some diffusion among the metals has taken place. Any mechanical attachment would most likely lead to the formation of a strong corrosion among the two metals, in the same way as the use of a less durable organic adhesive that would easily decay under burial [16, 20] . The brass alloy (copper and zinc alloy) commonly has 30% Zinc. Most historians believed that using zinc mixed with copper started at the beginning of 500 BC. The Romans were the first to use that mixture on a large scale by melting zinc with copper and adding other elements to the alloy such as tin at a percentage ranging from 0.1% -0.2%. They believed that this would improve the characteristics of the alloy and its resistance to corrosion, and adding lead to the alloy would also improve its flexibility and ductility and thus facilitating the process of operation and formation. However, it is clear that the solubility of lead in copper is limited. The contact between silver and copper in the hilt of the sword enhanced the corrosion phenomenon whose main agent is the chloride anion coming from the surrounding environment, this induces the formation of silver and Cu (I) chlorides that could give rise to the copper cyclic reaction that continues to corrode copper when exposed to oxygen and humidity [21] [22] [23] . X-ray fluorescence analysis reveals the sword's body made of iron alloy.
Microscopic examinations with optical and stereo microscopes, fig. (3) showed cracks and pits, and also nodes of various shapes: moles, flat bulbs etc., and also monochrome surface spots of various sizes formed probably due to mechanical damage of the sword and internal defects in the alloy. Deterioration of iron occurs when two (or more) dissimilar metals are brought into contact in the presence of moisture. When a galvanic couple forms, one of the metals becomes the anode and corrodes faster than it would on its own, while the other metal becomes the cathode and corrodes slower than it would alone. The driving force for this type of deterioration is the potential difference between the different metals. In a galvanic couple, the less noble metal will become the anode of the corrosion cell while the more noble metal will act as the cathode. Galvanic deterioration is one of the more common and destruction forms of iron corrosion [24] [25] [26] [27] . This deterioration causes distribution of pitting corrosion on the surface of the sword's body.
Conclusion
The 
